The magnetic Ni nanoparticles of 10-30 nm in size were synthesized by the reduction of Ni 2+ by NaBH 4 at room temperature. The amount of added water in the formation of Ni nanoparticles is a significant factor, which ensures that Ni nanoparticles are not oxidized by oxygen. XRD patterns and FESEM micrographs showed the constituent and structure and micromorphology. Congo red was used as adsorbate to quantitatively examine the adsorption capability of Ni nanoparticles for the organic dyes in industry wastewater. The magnetic hysteresis measurement indicated that the Ni nanoparticles presented ferromagnetic properties. The experimental results showed the as-obtained Ni nanoparticles might be a potential adsorbent in sewage treatment process.
Introduction
With the development of modern industry, the treatment of various harmful organic chemicals, especially the dye from textiles and mining industries which can affect aquatic life and food chains due to their carcinogenic and mutagenic effects [1] , is more and more concerned all over the world. On the other hand, since the end of the 1980s, there had been growing interest in fabrication of nanostructures with specific morphologies and functions. This was due to their significantly different physical, chemical, thermodynamic, and mechanical properties from the bulk counterparts as a result of surface or quantum size effects. Among them, the nanoscaled magnetic materials were paid particular attention for their unique properties and uses in high-density magnetic recording, magnetic sensors, and researching magnetic phenomena in low-dimensional systems [2] [3] [4] [5] [6] .
In the past decades, magnetic materials are regarded as the potential adsorbents for dyes in sewage owing to their high specific surface area and convenient magnetic separation. Nickel is one of the typical ferromagnetic materials which have been studied for many years [7] [8] [9] [10] [11] [12] . Various methods were developed to fabricate Ni nanostructures, such as template synthesis [8] , solid-phase pyrolysis of organometallic precursor [13] , laser ablation [14] , reduction of metal salts [6, 15] , and solvothermal methods [16] . In solutionphase methods, surfactants were used to prevent the fabricated materials from aggregation. However, because the adsorption process occurs on the metal surfaces, the presence of surfactants goes against the adsorptive applications. Herein, we fabricated Ni nanoparticles free of any surfactants at room temperature in the air, which reduced fabrication cost and contamination to environments compared to methods above, and conformed to the development tendency of green chemistry.
Most often, the aqueous solution of Congo red (CR), a kind of azo dye, was chosen as the sewage to investigate the adsorption capacity of fabricated materials. For instance, as far back as 2002, Namasivayam and Kavitha reported the adsorption capacity of activated carbon prepared from coir pith, an agricultural solid waste, Dyes Pigments, although the equilibrium adsorbed concentration was 6.7 mg⋅g −1 [17] . In 2010, Afkhami and Moosavi prepared maghemite nanoparticles to remove the Congo red in the aqueous solutions with the equilibrium adsorbed concentration which reached 208.3 mg⋅g −1 [18] . In our previous works, the removal capacity for Congo red using various micronanomaterials ranged 
Experimental
All chemicals used in this work were of analytical grade without further purification and were purchased from Sinopharm Chemical Reagent Beijing Co., Ltd. In the typical process, 0.2 g NiCl 2 ⋅6H 2 O and 0.1 g NaBH 4 were put into mortar and pestled adequately when mixed powders became black. Then 10 mL of H 2 O was added into mortar, and the hydrogen gas was released immediately. After the reaction was completed, black precipitate was collected with a magnet and washed with deionized water and ethanol several times. The asobtained powders were naturally dried at ambient temperature in the air until they became dry. During the reaction process, NaBH 4 acted as a reducing agent which reduced the Ni 2+ and water to Ni 0 and H 2 via the following reactions, respectively:
Usually, the stability of the nanoparticles is apt to be affected by their extreme activity toward water and oxygen. So the amount of H 2 O added into the mortar should be as small as possible to ensure that the Ni nanoparticles were not oxidized by oxygen dissolving in water. Fortunately, generating hydrogen gas could assist in excluding a large proportion of oxygen in the water, which further avoided the oxidization of Ni nanoparticles.
A standard CR solution with an initial concentration of 130 mg⋅L −1 was firstly prepared. Then, 6 mg of dry nickel powders was added to 50 mL of the above solution under stirring. After a specified time, the solid and liquid were separated by a magnet and UV-Vis adsorption spectra were measured by an Agilent Cary 50 UV-Vis spectrophotometer to determine the CR concentration in remaining solutions.
The equilibrium adsorbed concentration, , was calculated according to the following equation [18] :
where 0 is the initial concentration of CR, mg⋅L −3 ; is the equilibrium concentration in solution, mg⋅L −3 ; is the total volume of the solution, dm 3 ; and is the dry mass of the Ni nanoparticles, g. The equilibrium adsorbed concentration indicates the adsorptive capacity of the measured samples, and all the investigations were carried out in triplicate to avoid any discrepancy in experimental results.
The phases were identified by means of X-ray diffraction (XRD) with a Rigaku D/max 2500pc X-ray diffractometer with Cu K radiation ( = 1.54156Å). The morphologies were characterized by a JEOLJSM-6700F fieldemission scanning electron microscopy (FESEM) operated at an acceleration voltage of 11.0 kV. Transmission electron microscopy (TEM) patterns were obtained and were carried out on a JEOL 2100F with an emission voltage of 200 kV. IR spectra of the samples were characterized using a FTIR spectrophotometer (NEXUS, 670) in KBr pellets. Hysteresis loops of the sample were obtained on a VSM-7300 vibrating sample magnetometer (VSM) at room temperature. Figures 2(a) and 2(b) are the FESEM and TEM micrograph, respectively, which show that Ni nanoparticles have irregular shapes with a size range of 10 to 30 nm. This may be because there are no surfactants applied in the reaction process, which made the rapid growth of Ni nanoparticles take place along a prior crystal orientation in the process of violent reaction and finally formed particles of various shapes. On the other hand, small quantity of heat released by the redox reaction only supported the particles to grow up to the size range of 10-30 nm.
Results and Discussion
Subsequently, the adsorption capacity of Ni powders for CR was investigated. The molecular structure of CR is shown in Figure 3(a) . As shown in Figure 3(a) , the variation of the adsorption amount with adsorption time, which illustrates that 83% of CR can be removed after 5 min, and the final equilibrium adsorbed concentration reaches 966.7 mg⋅g −1 after 60 min. The adsorption capacity of the as-prepared Ni powders is superior to that of the materials reported before [22] [23] [24] . Furthermore, we carried out FT-IR testing for the Ni particles before and after adsorption using infrared spectrometer to prove that CR have been absorbed into the sample. Figure 3(b) shows the curves of pure metal nickel and nickel after adsorption, from which a weak peak at 1058 of C-N indicates the presence of CR. So they can be potentially Advances in Materials Science and Engineering used as absorbent in the treatment of industrial wastewater containing CR within a short time.
The magnetic properties of the sample have been measured at room temperature ( Figure 4 ). As shown in the magnetic hysteresis loop curve, the value of saturation magnetization (Ms) is 26 emu⋅g −1 ; and the value of coercivity (Hc) is 131 Oe. Compared to the bulk nickel material (Ms = 50 emu⋅g −1 and Hc = 100 Oe), the decreasing Ms and increasing Hc may be attributed to the incomplete crystallization and high surface/volume ratio due to the nanosized diameter of particles through quick chemical action at room temperature. Inset in Figure 4 represented the photograph of adsorption and magnetic separation behavior. A colorless solution was gained. More importantly, simple and rapid separation of CR-loaded magnetite adsorbent from treated water can be achieved via an external magnetic field. This indicates that the as-prepared sample belongs to ferromagnetic material and so can be easily separated from the dispersion system with the magnetic bar. 
Conclusions
In summary, magnetic metallic nickel nanoparticles with the particle sizes in the range of 10 to 30 nm have been prepared by an easy NaBH 4 reduction process at atmosphere temperature. The sample shows high adsorption capacity of 966.7 mg⋅g −1 and fast adsorption rate of 83% within 5 min for the CR solution. Furthermore, the Ms value of the Ni nanoparticles is 26 emu⋅g −1 , which contribute to the removal of Ni with CR. In conclusion, the as-prepared product can be used as a potential adsorbent in the process of industry wastewater especially containing CR.
